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INTRODUCTION 


This circular contains the story of a stibbcrn mine fire of electrical 
origin that started on the main haulage road of No. 59 mine of the Peabody 
Coal Co. and illustrates that sometimes serious fires can be fought by 
direct attack. The story also points out that the cost of such procedure 
can be extremely high, and it is better, therefore, to minimize the possi- 
bility of a fire of electrical origin by suitable over-current and line- 
fault protection. The lives of 163 men were saved by utilizing a recently 
sunk air shaft near active workings as an escapeway. These men could not 
have reached the older openings. Also described are the rescue of 75 addi- 
tional men through another air shaft, sealing of the fire, attempted extin- 
guishment with carbon dioxide, and the difficulties of fighting the fire and 
recovering the mine, 


A fire occurred shortly before 12 o'clock noon, August 15, 1949, in the 
No. 59 mine, Peabody Coal Co., Springfield, Ill. All 257 men underground 
escaped to the surface. One group of 75 men was delayed from escaping for 
several hours after the alarm was given tecause smoke and fire gases were 
circulating in a main return airway, which intervened between their working 
section and one air shaft, and also in the stairway compartment of the shaft. 
After being supplied with universal-type gas masks, or self-reecuers, these 
men were conducted from the mine by members of a State mine-rescue team and 
Other mine employees, Six mine officials were hospitalized because of ex- 
posure to carbon monoxide during fire-fighting activities; all were dis- 
charged a few days afterward. Later, while doing work incident to fighting 
the fire, two men were killed, and several were injured by falls of roof 
end rib. 


The fire broke out after a collision of a loaded trip with four empty 
mine cars on the main east haulage entry. The mine cars were jammed against 
the trolley wire causing a sustained electric arc that ignited the wooden 
mine cars and the fire spread to the timbers and coal, 


tT. C. Higgins, Federal coal-mine inspector, headquartered in Springfield, 
Tl1l., notified James Westfield, Chief, Wincennes (Ind.) Branch, Region VIII, 
Bureau of Mines, of the fire and its seriousness, and that up to 4:30 p.m. of 
that day approximately 200 men had not escaped to the-surface, Westfield 
accompanied by F. J, Smith arrived at the mine at 9 p.m. Additional men were 
requested from the Bureau's Vincennes office and F. J, Gallagher, J. S. 
Malesky, and James A. McCune responded and arrived at the mine at 9:15 a.m., 
August 16, 


The fire was fought by direct means with rock dust and by loading burning 
material into mine cars until August 18, after which the management decided to 
seal the fire area, Both main east entries were sealed to enclose the fire, 
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and 21 tons of liquid carbon dioxide was vaporized and admitted to the sealed 
area, During sealing, and until the mine resumed operation on November 14, 
1949, one or more of the following Bureau reas maintained close contact 
with the operations; James Westfield, J. eae J. S. Malesky, qT. C. 
Higgins, and C. M, Dovidas, : | 
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‘GENERAL —n 


The No, 59 mine is about 4.miles northeast of the center of Springfield 
and is served by the Springfield Terminal Railroad, Of the 401 men employed, 
315 worked underground, The average daily production was 3,000 tons of coal. 


‘The mine was opened by four shafts each 240 fect deep. “The main shaft 
(the hoisting, man, and material shaft), was also an upcast air shaft. The 
Original intake-air shaft was 300 feet northwest of the main shaft; it was 
equipped with a blowing fan, used when desired for auxiliary ventilation of 
the main bottom area, and had a stairway compartment, The 13 south (Bissell) 
shaft, 8,200 feet east: of the main.shaft had two. compartments; one was down- 
cast, "and the other was a stairway compartment, normally upcast. The 37 south 
(Wentworth) air shaft, 15,400 feet east of the main shaft and 7,200 fect east 
of the 13 south shaft, was & 5-foot circular, single-compartment, downcast 
shaft, It was equipped with a light headframe and a 3-man circular cage for 
emergency use but was not equipped with a permanent hoist, In addition to 
the four shafts, No. 59:-mine was connected on the east to the abandoned 
Riverton No, 52 ‘mine , and its two shafts, which, although not accessible 
for travel, were utilized to some extent as outlets for return air fron 
No, 59 mine. 


Mining Spavaeiicas’ are conducted in the Illinois No, 5 coal bed, which 
in this mine averages 66 inches in thickness and is undulating, The immediate 
roof is shale, ‘above which is a hard but relatively thin cap rock at some 
Places; the main roof is generally soapstone, Frequent “horsebacks" occur 
in the roof; these cavities are either roughly cylindrical or trenchlike and 
are filled with unconsolidated, shaly material foreign to =e =ereee massive 
country rock, Their dimensions vary widely.» 7 


‘MINING METHODS , CONDITIONS, AND BQUEPMENT 
A nant idem euaen aes system of mining was “followed, but pillars were 
not extracted, Main entries, cross entries, and panel entries were originally 
driven in pairs 12 feet wide on 36-foot centers, Rooms were driven 24 feet 
wide with crosscuts 60 feet aol Panel entries were turned either from main 
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(east-west) or from cross (north-south) entries, Barrier pillars between 
the entry and the first roam in a panel were usually 40 feet wide. These 
conditions prevailed in the area where the fire occurred, In more recent 
workings the same general dimensions were maintained, but entries, including 
room-panel entries, were driven in aets of four, 


The main entries were timbered rather extensively throughout the greater 
part of their length. As conditions required, timbering consisted of props 
with cap pieces or wooden cross bars, rails of different weights, and I-beams 
set on wooden legs with or without cribbing, 


Vontilation was accomplished by means of two electrically driven cen- 
trifugal fans installed underground, operated blowing and not reversible. 
The fan at the foot of the 13 south (Bissell) shaft provided a separate air 
‘circuit for the 13 north section; this fan drew intake air down one campart- 
ment of the shaft, forced the air through an overcast across the main east 
haulage entry, thence into the 14 north entry to several active panels, from 

which. it returned through 13. north entry to the main east haulage ene P 
which is the principal return air course for the mine, 


The 37 south (Wentworth) fan drew intake air down the sinpie-cenewane 
shaft and forced it through an overcast across the main east haulage entry, 
thence into 25-26 north and 37-38 south entries to active workings, from 
which the air returned to the main east haulage entry. The 25-26 north and 
37-38 south entries were turned from the main east entries in direct line 
with each other, A split of air ventilated the active workings of the 10 
east off 37 south, and part of the air reached the surface through the 
shafts of the abandoned neyenLos No. 52 mine lying east of the No. 9 mine. 


From the common inbenesction of 25 north and 37 south entries with the 
main east entries, the main body of return air from the east workings moved 
westward through the main east entries to the 13 north entries, where it 
converged with the return air fram the 13 north section; part of the com- 
bined volume of return air then passed up the stairway compartment of the 
nearby 13 south (Bissell) shaft, and part continued westward through the 
main east entries to the main hoisting shaft. When the fire occurred in 
the main east haulage entry.at 17 south, which is between 13 north and 37 
south, the volume of return air moving westward through the fire area was 
probably 30,000 to 40,000 cubic feet per minute, the usual volume in that 
part of the mine. Ae "the back main east entry, ’ (the parallel entry of the 
pair,) was. obstructed badly with fallen material and blocked at 14 north 
by a stopping, it is likely that the greater part of the air volume was 
passing through the haulage entry. 


_ From the foregoing, it is obvious that no means of escape in intake air 
was available to the men in the mine when the fire occurred, except those in 
the vicinity of the main shaft bottom; these men could have used the original 
air shaft with its separate forcing fan had such action been necessary. The 
37 south (Wentworth) shaft was ventilated by intake air and could be reached 
by those in the east workings, but it was not equipped with a permanent hoist, 
The main shaft and the stairway compartment of the 13 south (Bissell) shaft 
were ventilated by return air, 
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This mine has not been. classified by. the Illinois Department of Mines 
and Minerals as a gassy mine, but. air samples collected during Federal 
insvections contained more than 0.25 percent methane, and gas has been 
detected with a fleme safety lamp. Ton air samples were collected during 
a Federal inspection completed August 4, 1949. and the highest methane 
content of any sample, including face samples, was Ov. 17. percent,. The 
highest methane content of any sample collected from the fire area was 
1,2 percent, and one sample collected at the Riverton No, 52 abandoned 
main shaft, representing return air coursed through old workings, contained 
0.99 percent methane, The samples from the fire area and from the Riverton 
shaft represent slowly moving air currents that could not be measured... .. 
Suffice it to say that, fortunately, methane was of eee oe 
in combating this fire. a a or | 


Trip lights were aaea on the rear aor ‘trips pulled, but at ‘the passing | 
tracks, which were in entries parallel to the main line, me motorman could .. 
not sec the light of the other trip unless by chance he was-at or near the 
switch waiting for the other trip to pass, Because of; the undulating . nature | 
of the floor and the many consequent local changea: in grads, @ motorman — 
could not see his own trip light at many points, . 


The underground direct-current power. system played an important part 

in the firé.. Face and haulage equipment was. supplied from the one general 
ibd which consisted of four 300-kilowatt, .2e75-volt generators | driven by — 

2 300-volt synchronous motors installed underground, end one 200-kilowatt ,. 
steam-driven generator installed near the top of the main shaft on. the sur-. 
face, in main east at 13 south, in I3 north,.25 north, and 37 south, The 
interval. between the motor-generator gets. ranged from 6 »0Q0 to 11, 000 feet. 
All five generators were operated in parallel to equalize. loads. and were _ 
connected by means of 1,000,000 circular-mil positive and negative feeder 
lines, 6/0 trolley wire on the positive eide of the circuit, and 90-pound 
unbonded rails on the negative side,.. Automatic circuit breakers were. pron . 
vided between each motor-generator set and the load; these were set at.a.. _ | 
maximm 1;800 amperes to permit 50-percent overload. on a. 300-kilowatt. set. 7 
Manually operated disconnecting switches were installed in the trolley and. 
feeder lines near each substation. and branch junction to permit isolating | 
various segments of the system, but automatic overcurrent circuit-breaker 
equipment was not provided for promptly. isolating. overloaded or line-faulted 
sreas from the remainder of the system. Each ‘instantaneous ‘breaker would ~ 
cut ite set off.the line if the. fault. occurred near enough to that partic- 
ular set but would not clear the fault from the electrical Breve; and the 
other generators could eee: .to. Operee: _ ty 2 3 


Three members of one. State mine rescue team are employed. at No. 59 
mine, One of the rescue stations maintained by the: ‘Illinois. Department | of 
Mines and Minerals is at Springfield, and. a. ‘fully equipped, modern mobile 
rescue unit is assigned to toa station, , 


- Water ives and hose were . available on the surface and at the shaft 
Scttan. Underground fire-fighting equipment consisted chiefly of rock 


dust; room-type distributars and one large track-mounted distributor were 
available. Supplies of rock dust were kept at many points in the mine, 
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and rock dust and fire extinguishers were kept available at substations. 
Water-tank cars with pumps also were available, 


So far as known, the only previous fires in this ine were those | 
started when blasting with black blasting toa ; oe fires were extin- 
guished without much difficulty. . . , | 


STORY OF ‘FIRE 


At 11:45 a,m. on August: 5, 199, ge » Tecenctive hauling 29 ‘loaded cars — 
westward in the main east entry collided with four empty cars that had 
become uncoupled from an eastbound trip and were standing in a "SW8Be. : 
The impact derailed the empty cars, the locamotive , and several ‘leaded 
cars, but the motarman was uninjured. The empty’ cars were thrown . cross- 
wise and upward and became entangled in the trolley wire. A short circuit 
was established through the metal frames of the cars from the trolley to 
the rails and the negative feeder; and the short circuit was maintained | 
with power from both sides for a considerable period, Tho resultant arcing, 
or the heating of tho car frames and power wires, or both, sent ‘the | 
wooden car bodies and nearby timbers, 


The collision occurred in the nets east ee at its ieee with 
17 south entry, which is 10,000 feet east of the main shaft, 2,000 feet _ 
east of the 13 north intersection, and 5,500 feet west of the ty" snter- 
section with 25 north and 37. south entries, Active face operations were in 
panels turned from the 13 north, 25 north, 37 south, and 10 east off 37. 
south entries, The nearest power -discormecting switches and telephones 
were 2,000 feet west (at 13 north) and. ae 000 feet east nee the No. 5 passing 
track), (See figs. 1 and 2.) 


The motorman was unable to dislodge. the wrecked cars ‘pecausé his loco- 
motive had been derailed and he was unable to separate the trolley wire from 
the cars, Help was summoned, and soon men began to arrive fram both west 
and east, including the mine superintendent and the mine manager. When the 
wire was. ee on one side of the fire, power could still feed through the 
short circuit from the other side, The men working on the west side decided 
to cut off the power from that side, and a man went to 13 north, opened the 
trolley and the feeder switches, and, aftcr the trolley wire had been cut 
near the firc, the trolley switch was closed to permit use of the locamotives, 
It was then discovered that the trolley wire was feeding power into the feeder 
cable through cross bonds and thus around the "gap in the trolley wire and 
into the short circuit at the fire. The cross bonds were found and cut; 
consequently the three generators west of the fire could no longer feed 
through the short circuit, The 37 south breaker opened, cutting off the 
motor-generator set from the outby. portion of the distribation system, but 
the 25 north generator still could feed the short circuit from the east 
until the lines on that side were cut. .It is not known definitely which 
side was cleared first, nor how much time elapsed before power was cut off’ 
completely from the short circuit, but, from reports of the steps taken, it 
may have been as much as an hour after "the wreck occurred, 
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After cutting the power from the fire on the west side, a mine official 
and several men decided to pull the wrecked empty cars from. the fire area. 
These men were on the return side of the fire, and before they could do this 
they became so sick and weak from the effects ‘ot carbon. monoxide that they 
retreated on a locomotive to 13 nobus . 


When the superintendent and ether officials reacheé the fire from the 
east, they had the loaded trip cleared away and started to: apply rock dust. | 
The rock dust was thrown on the fire for several hours by hand and by means. _ 
of a large distributor, but fallen material made it difficult. to reach the 
heart of the fire, and’ the danger. of further falls was a hazard, . Meanwhile, ~ 
the strong air current was faming the fire alorig the timber legs and ‘lagging. 


When the superintendent realized that the fire was not to’ be. extinguished 
easily, he and the chief electrician attempted to reach the fan at 13 south . 
in order to change the position of the two doors, one at each side of the 
stairway. The change would have made the stairway a downcast and would have 
permitted men in 13 north section to reach the surface, The two officials 
traveled through the back main east entry, which was passable but badly 
obstructed by falls, They were forced to give up and return after reaching 
a point a few. hundred feet fram 14 north. | 


While the fire was. being fought, face operations had continued and coal 
was still being hauled fram the 13 north working sections to the shaft bottom, 
After the third trip, smoke in the main east haulageway was do dense that the 
motormen could no longer see. and were affected by carbon monoxide ; - they there- 
‘fore decided that it would be. dangerous to: attempt another trip, Nineteen — 
nen employed.as bottom men, main-line pores dil men, and sis sara? left the 
mine Eecugh the main shaft. = | | 


‘The mine manager instructed employees. west. of the firs to 1 orders 
to the face bossés. in the 13 north sections to bring their men out.. This 
was done, and all the men had been notified by 1:30 p.m, The face bosses 
and their men assembled near the mouth of 13 north ary, and. it was decided 
not to go farther’ ,. ‘because: the main east entry, the crosscut to the shaft, 
and the stairway compartment of the 13 south. (Biasel]) shaft contained return 
air from the fire, All.men in the east workings elsohad been notified to 
withdraw by about 1:30 pem., and they made their way to the 37 south (Wentworth) 
shaft, where they were on the intake-air side of the fire. By that.time the 
telephone connection had been broken between points east of the fire and points 
west of it, including the surface; meanwhile , the. employees in the mine office 
had notified company officials at Taylorville, Ill., and Walter Eadie, director 
of the Department of Mines and Minerals of the State of Illinois. 


After arriving at the mine and learning ‘the situation with respect to the 
men in the 13 north section, J. W. Hardy, superintendent. of mine No. 9, and 
M. J. Donnelly, superintendent of mine No. 8, descended the 13 south shaft 
Stairway and crossed to the 13 north entry ; where the men had assembled, By 
their actions and counsel they calmed those inclined to be panicky, and ex- 
Plained the plan for changing the ventilation by stopping the 37 south fan 
after all men at the 37 south shaft had been hoisted to the surface. 
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None of the officials or men in the 13 north section thought of entering 
the 13 north air course and crossing over the main east through the overcast 
to reach the 13 south shaft. Although a mistake had been made in not providing 
a door in the wing wall at the 13 south fan, the men could have traveled in 
intake air to the bottom of the shaft by kmocking out a few blocks in the wing 
wall and opening the bypass door at the fan, (See fig. 3.) However, as such 
course of action apparently did not occur to anyone at the time, and as the | 
danger was not imminent, good judgment was exercised in remaining in 13 north 
until after making a that. deft no doubt that it was safe to proceed 
to the surface, | 


A power winch mounted on a motor truck was rigged to the 3-man emergency 
cage in the 37 south (Wentworth) shaft, but the task of hoisting the men from 
the east workings proceeded very slowly , being limited by the speed of the 
winch, The rope was then secured at a fixed point on the drum, after which 
hoisting and lowering of the cage proceeded more rapidly by tramming the 
truck back and forth across a field adjacent to the air shaft, In all, 163 
men were removed fram the mine through this shaft. Although the men in the 
east workings were in no immediate danger, a permanent hoist at this air 
shaft would have permitted the superintendent to reach the surface and rescue 
the mon from the 13 north section more prey and with less anxiety for all 
concerned, | | 


After his unsuccessful effort to reach the 13 south fan through the back 
main east entry, the superintendent went to the 37 south shaft to learn what 
progress was being made in evacuating the men there. Finding the emergency 
cage in operation, he went to the surface, and thence to the 13 south shaft 
to learn of the progress there, Being informed that none of the men fram 
13 north had escaped and that the doors at the shaft bottom had not been 
changed, he ordered the change to be made. He then returned to the 37 south 
sheft to expedite removal of the men there so met. the 37 south fan could be 
stopped, 


The division chief electrician was lowered through the downcast compart- 
ment of the 13 south shaft in a shaft-sinking bucket, and he rearranged the 
doors to make the manway compartment a downcast. The normal intake compart- 
ment then was covered to force all the air down the manway and clear the 
stairway of smoke; but the fan, which was installed underground just east of 
the shaft bottom and was operating blowing, was recirculating some return air 
from the fire through a crosscut and the pump room, A large part of the re- 
circulation was through the sump, (under the pump room and the air shaft) 
because when the pump , which was operated by an autamatic float switch, low- 
ered the level of water in the sump, passage was provided for return air fran 
the pump room to the fan under the door between the-pump room and the stairway, 
Thus, thé air at the shaft bottom was of the same quality as that in the main 
seat. entry, and the men in 13 north would have to travel 150 feet through this 
air to the shaft, Moreover, the recirculated air was sbeIne forced through the 
13 north section, where the 75 men were waiting, - 


After all other men from the east workings had pee hoisted through the . 
37 south shaft, it was decided to withdraw the men who had been fighting the | 
fire and stop the 37 south fan, so that all efforts could be varecker toward 
getting the men at the 13 north entry to the surface. 
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The men in the 13 north entry were directed across the main east entry 
to the bottom of the stairway in the 13 south (Bissell) shaft by members of 
the State mine rescue team and company employees; all were equipped with 
universal-type gas masks or self-rescuers, Even though the 37-south fan 
was not operating, smoke from the fire drifted through the main east entry, 
and a machine cable was rigged across the main east entry through the pump 
room to the stairway as an extra precaution to guide the men so that they 
would not miss the opening to the pump room and continue westward in the 
main east entry or the passing-track entry. They were convoyed to the 
stairway in small groups by the rescuers. | 


All the men had been checked out of the mine by 7:30 p.m., and prepa- 
rations were begun immediately to combat the fire from the west side. The 
air from the 13 south fan was directed eastward through the fire area and 
discharged through the 37 south air shaft and the No. 52 (Riverton) shafts. 
About 9 p.m. it was discovered that the fire had reached a point approxi- 
mately 750 feet east of the 13 north, indicating that while it was being 
fought from the east side, the air currents had spread the flames nearly 
1,200 feet westward, Considerable heat and smoke was encountered as far 
west as the 13-north overcast, and undoubtedly stopping the 37 south fan 
had checked further rapid westward ee of flame as far as the 13 
north entry, ' 


The fire was fought by. direct means, Rock dust was applied to the 
burning shale, timbers, and coal, to cool and extinguish the fire, and the 
heated material was loaded into mine'cars with a loading machine. A layer 
of rock dust was placed on the floor of each car, and the loaded material 
was covered with a layer of rock dust. The cars were sprinkled with water, 
also, before being transported to the shaft bottom. The fire was not serious, 
and the damage was relatively slight until a. point was reached about 1,650 
feet east of 13 north, which was 250 feet west of the origin of the fire. 
At that point the first serious fall was encountered, the fire was more 
intense, and the roof was working from the effect of the heat. By the end 
of the second shift on Thursday, August 18, 3 days after the fire had 
started, the company officials decided that the fire should be sealed. By 
that time it had been determined that the fire was spreading to timber in 
the back main east entry. 


During the first shift on August 18, a man was killed by a fall of roof 
caused by dislodgment of timber by haulage equipment. This accident was 
chargeable indirectly to the fire because the victim was a member of the 
fire-fighting crew. He was riding in an empty car of a trip being pushed 
toward the loading machine, when the cars were derailed, dislodging the 
legs of four cross bare, and the rider was crushed by falling timber and 
rock, : 


The two sass on the west side of the fire area were completed on 
Saturday evening, August 20. The seals were 1,500 feet inby 13 north entry 
and just east of 15-16 north and south and were constructed of wood plastered 
with wood fiber, Pipes with valves were fitted into the seals to permit 
sempling of the atmospheres behind the seals. 
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After the west seals were completed, the fan at the 37 south (Wentworth) 
shaft was started, a hole was made’ in the overcast, 25 north was bratticed 
off, anda door was placed in the mouth of 37 south, The air was thus 
directed westward through the main east entry toward the fire, returning 
through the back main east entry to 38 south, thence to 10 cast off 37 south, 
thence to the shafts of the abandoned No, 52 ” (Riverton) mine.: Considerable 
work had to be done in removing roof falls and rib “rash" nae by heat 
while the fire was being Pought from the west, so that materials for build- 
‘ing the east seals could be transported to the location selected, 


While establishing ventilation for the location of the east seals, it 
was noted that smoke and carbon monoxide cleared quickly, despite the fact 
that. the air current.was weak, The stoppings between the two main east 
‘entries had long been ignored, because both entries had boen return airways 
and many stoppings had been opened purposely to equalize the pressure caused 
by moving trips during normal mining operations, It was found that same air 
traveled westward in both. entries; in some instances 1,000 feet beyond an 


open crosscut, indicating that the air was traveling through the west fire 


seals or leaking ous the pies in the epencenee entries and ony the 
abandoned shafts. 


The company officials stated thet; a) all gaat in the fire area were 

believed to be reasonably tight; (2) any workings to the north that had 
holed into the abandoned Bissell mine had later been closed, and the Bissell 
mine shafts had been filled; (3) although mine No. 59 had holed into Sangamon 
No, 2 mine on the south, it was felt that a number of seals between the fire 
area and the Sangamon mine, together with squeeze conditions in that part of 
No, 59 mine, precluded any possibility of air movement in that direction, 
- and, therefore (4) any leakage. caused by the pressure of the 37 south fan 
. would appear ag leakage through the west fire seals or through the south . 
' panels along the main east entry, and thence through seals along the west 
-,8ide of 37 south, moving toward the Riverton shefts. The west fire seals 
- and the 37 south seals were examined on ae morning, August 21, and no 
evAvenee o leakage was found. 


| the. officials knew that carbon dioxd haa been used:.successfully in 

-, extinguishing another Illinois mine fire,2/ and they were contemplating 
flooding the fire area with it. They were informed, however, that unless 
the carbon dioxide could be confined within the fire area, its effect would 
be of doubtful value, The officials thought that the soals to the abandoned 
area were in reasonably good condition and that there would bé very little 
sit ; consequently they decided to use carbon dioxide, 


CONDITIONS humacotimaas ERECEDING INTRODUCTION OF CARBON DIOXIDE 
While the saus aealie: wore being installed, a 2-inch pipe Line was laid 


for 1,700 feet from the pump roam at the 13 south air shaft to the west seals 
and was connected to the 3-inch eee line in the air sheft, the 


- pump beirig discomected temporarily. 


Weat?ield, ae Brumbaugh, H. C,, and Whittaker, R. W.,. EERE TT ET 
Fire with Carbon Dioxide in the Valier Mine, Valier Coal Co., Valier, 
Tli.: Bureau of Mines Inf, Circ, 7563, 1950, 10 PP. 
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On August 22, prior to the introduction of the carbon dioxide, samples 
were taken of the atmosphere in the fire area and sent to the Bureau of 
Mines laboratory at Pittsburgh, Pa., by airplane. The samples were given 
special handling there, and the analyses were received by telephone at the 
mine office about 10:00 p.m, the same day, The analyses are shown in table l. 


TABLE 1. - Analyses of air samples taken pr ior to the 
introduction of carbon dioxide 


Percent 


West fire seals, back main east,..ceo 
West fire seals, back main cast..... 
West fire seals, main castrececceces 
West fire seals, MAIN CABtcccccccece 


The possibility of an explosion constitutes an ever-present hazard while 
seals are being constructed and after a fire area has been sealed until the 
oxygen content of the portion of the atmosphere surrounding the active fire 
is reduced to less than the critical oxygen value of the air-free original 
atmosphere, The mathematical method developed by Ash and Felegy3/ of deter- 
mining whether an atmosphere containing combustible gases is capable of forming 
an explosive mixture with air was used before the diluent (carbon dioxide) was 
added, This was done by determining the critical gas-mixture value of the air- 
free original atmosphere represented by the above samples. 


Using sample 3813, the percentage by volume of gases other than air is; 


K, = 100 - (Oo)s (100) percent 
20.93 


= 100 - ie = = 64.65 percent 


The volumes of the individual constituents, air-free, follow: 


C05 = re (100) = 16,86 percent = symbol Dy 


H, = 2.0 (100) = 3.09 percent = symbol (Hp) 
© B85 pen Wel 


CO = 1.8 (100) = 2.78 percent = symbol Ay 
64.65 


CH, = 1.0 (100) = 1.55 percent = symbol By 
Oh | 


Ash, S. H. and Felegy, E. W., eee of Complex Mixtures of Gases: 
Bureau of Mines Bull. 471, 1948, 202 pp. 
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Since carbon monoxide, methane, hydrogen, nitrogen, and carbon dioxide 
are present in the air-free original atmosphere, and 10.2(H,), = 10.2 
(3.09) & 32.52 and is greater than D,, or 16,86, ‘the applicab forma 
7 for, geen! the: gritical gaa mixture yalue is: a 


a: ¥ C.0.MVaxe 4 


Tg AS. plus . aeons 


" : t ‘~\t e er 


By iapeiidins the oritical, essa ewe value ‘calculated fran the 
gnelyene of ‘the: other samplea would ‘be somewhat, greater. - 


-~ AN the sriticar gas-mixture value is greater than 100, neither. the 
eeigeel atmosphere-nor ‘the air-free original atmosphere is explosive, and 
they cannot becanie explosive regardiess of. how much air is admixed with then. 
No further calculations of Ms. eer of — atmosphere in the. ieeaeee 
area are peeeeeat ys 2 eer a ; 


* Oe 


“TMRODUCTTON « oF. \CARBON DIOXIDE 


Atl: 235, ae oor 23, which was 71/2 days. after the fire began, a 
tank truck equipped with a converter’ to gasify liquid carbon dioxide by heat- 
ing with liquefied petroleum gas began to feed the carbon dioxide slowly into 
the sealed area through. the pipe line, Gaseous rather than liquid carbon 
dioxide was used to avoid freezing the oe or" breaking it because of con- 
tracting from extremely low temperature. ie a 


A sample was collected from behind the back entry seal of the west seals 
at 7:30 a.m. August 23, and contained 43.4 ‘percent carbon dioxide and 3.6 
percent oxygen. As the gas was introduced through th: main entry seal and it 
was known that the first opening between the entrics wes 200 feet inby the 
seals, it was apparent that tho carbon dtoxide was wcil--diffusod through the 
western end: of: the fire area, The pressure at the ees. seals had remained 
nogative through the night, and all men were removed from that area and the 
east fan was stopped about 6 a.m. A State mine rescue team and a Federal 
coal-mine inspector, all wearing oxygen breathing avparatus, closed and 
plastered the trap doors in the east seals at:3 p.m., August 23, Analysis 
Of a sample collected at the main entry east seal at that time showed: 
carbon dioxide, 8 percent, and oxygen, 16 percent; this result was discour- 
aging because it indicated that. the carbon dioxide had not diffused appre- 
ciably throughout the sealed area, This, in addition to the fact that the 
pressure had remained generally negative at the east side and that the 
pressure on the back entry east seal was.still slightly negative, indicated 
possible leaks fran within the sealed fire area to angeceny sealed abandoned 
room panels. _ 


Google 


Injection of carbon dioxide was continued until 8 Mt, ’ uae 2h at 
vhich time 21 tons had been used, which, upon expansion to; normal atmos- . 
pheric pressure, would equal a& volume well in excess of the calculated 
se caad of the sealed area. . | . 

= sample collected at the west. fire eeuls ; arta wuanens of carbon 
dioxide had ceased, contained 57. percent: carbon dioxide and 6 percent 
oxygen. The seals were allowed to remain undisturbed until, August 30, 
vith both fans stopped except for short periods during sampling. Mean- 
vhile, samples were collected from the sealed area, but it was never pos- 
sible *to obtain:a representative sample from the east seals, because they 
weré under negative ‘presswre continuously. By manipulating the fans, it was 
sametimes possible ‘to establish positive préssure at the east senls, but 
samples taken under such conditions gave no ‘significant information. The 
barometoric pressure remained generally high during this period. At times 
the west seals were under positive pressure with the fan, operating, but at 
other times they werd under positive: pressure only when the fan was stopped, 
The Baples collected at the west seals on August 28 showed considerable 
dilution of the. carbon dioxide concentration, | and: as weather forecasts in- 
dicated little likelihood of .a-falling: perometer, , it was decided ‘to open 
the gedls before the carbon dioxide should be entirely ee by leak- 
age. into old wae and iby. Adlution with fresh airs ae 


"Analyses | of air samples taken during, the fire are 5 shown in table 2, 
: RECOVERING THE FIRE AREA —a. ret 


Air-lock: deors: wer ‘puilt in the main east hahiege road ‘Just ‘west of 
13 north entry, “A hole was opened in the wall at the 13 south (Bissell) 
fen, and the air was directed toward the wéest.seals. through ° the. main east 
haulage road, returning’ tHrough ‘the back east entry to 14 north. entty. 
Another split was directed from the fan into the 14 north; and all the air 
returned through 13 north to the main east and thence to the main pottan, 
This coursing of the air permitted the fire-fighting crews to ‘advance. with 
the intake air, but it; also subjected the haulage-men, generator attendants, 
and bottom men, who were outside the door at 13 north, to noxious gases in 
the return air, -However, no other arrangement was feasible, After some 
experimentation. with splitting of the .air current, enough air was provided 
in the main return to maintain the carbon-monoxide content at all times 
below.0.02 percent, and usually below 0.005 percent. 


The seals were opened at 12:10 p.m, August 30, which was 6 ate after 
introducing carbon dioxide and sealing, whereupon the loading of thé caved 
material and retimbering of the affected area were resumed. immediately. The 
mine was restored to normal operation on November 14,3 months ‘aftef the fire 
occurred, . The fire had started.at what was possibly the worst point in the 
nine with respect to adverse, roof conditions, Fran the point’ where the fire 
originated, I-beams were installed on centers not over 4'feet apart for dis- 
tances of 200 feet: eastward and 400 feet westward, and. they were lagged exten- 
Bively, Farther westward, . the haulageway was timbered, ‘though somewhat less 
heavily, with rail bers, ‘wooden cross bars, occasional I-beams, and props, : 

The timber: legs end lagging provided abundant fuel for rapid. spread of the fire, 
As a consequence’ of the. heat and the burning out of timbers, the soapstone and 
horsebacks: of the roof caved badly, which made fire-fighting and retimber ing 
difficult and dangerous, prairie pice mal meet of the time <a to 
complete recovery work, — | o 3 | 
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‘To load cut the debris required the cleaning of 6,000 linear feet; 
this consisted of partly burned timber legs, twisted I-beams, the frames 
of four mine cars, and;. chiefly, huge quantities of fallen roof rock, ~ 
Of that total distance ,:4,300 feet in the haulage entry, mostly east of 
the fire zone proper, F wes affected by heat but not by direct contact 
with fire; caving was not excessive, and only moderate retimbering: was | 
necessary, An additional 900 feet, both within and west of the sealed 
- area, was affected slightly by fire and heat, but the remaining distance, 
. 750 feet, was rehabilitated with great difficulty. This ‘750 ‘feet con- 
sisted of 350 feet in the haulage entry, 150 feet in the ‘back entry, 
together with several eeopecute pnd the entrances to 17 south and oe 
north entries. 


In this severois affected area the roof had caved to heights seuoine 
. from 20'to 60 feet and.widths of Li to 18 feet, and greater at crosscute. 
' The following method of retimbering was followed: Crossbars, consisting 
-of 100+ to 120-pound rails, were sét on vertical legs on B-Poot centers; 

the legs were cut fron timber : 6 to 8 inches in diameter and were either 
full-round or planed on two sides, ‘The span between two adjacent. rail 
bars was covered with four layers of. flat wooden bars, in tke form of a 
crib, on 18-inch centefs; and the set was then cribbed to the roof with 
round props. - Later, @ rail bar, set on vertical legs, was placed jat an 
intermediate point between two éther rail bars to reduce the 8-foot epan . 
by .half, ‘The eee wes interjaced from crib to cate and fram set to 
set, : 


On septeubes 28, ae man — killed and eight were injured badly 
enough frem a fall of rid to require hospital treatment. One of the | 
injured sustained several fractured ribs, and the others suffered bruises 
and lacerations. Virtually the entire crew, reported as 23 men, was | 
erecting timber when the fall occurted, and it was miraculous thata — 
major disaster was averted, A piece of rock 20 feet long, 4 feet wide, 
and 5 feet high “slabbed off" from about 25 feet above the entry floor 
and rolled on to the cribbing under construction, collapsing that set and 
three others and resulting in a large-fall of cribbing and rock. Two men 
were trapped; one was released with the aid of a hydraulic jack, but the 
other was injured fatally and found crushed between a large piece of rock 
and the cribbing. povereeee hours were required to extricate the body. 


For déverat days after the sees were spunea: progress was rapid, : 
because neither fire, heat, nor much fallen material was encountered, 
The badly caved area was. reached quickly, and fire was discovered alog 
the ribs, spotty at first, but increasing in severity and extent as the 
work progressed. At ‘tiines in the main entry, and almost continuously in 
the back entry, the mass of glowing material extended from rib to rib and 
as high as 10 feet from the floor, Very little burning coal was handled, 
but the shale’, cap rock, and soapstone was red- to white-hot, appearing 
translucent at times. Sometimes the heat became so intense. that it was 
necessary to bank the whole "face" with rock dust between loading each two 
cars to suppress the heat end gases. 
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The wooden floors of the mine cars were covered heavily with rock 
dust, and the hot material was smothered with rock dust before, during, 
and after loading into cars, which then were hauled to the shaft bottom 
ronptly. At times it was necessary to water each loaded car, and rush 
it to the shaft bottan as soon as it was loaded, The rock dust was 
dumped directly fram the sacks or shoveled by hand, and a rock-dust dis- 
tributor also was used to same extent with good effect. Under the most 
severe conditions, 40 to 50 tons of rock dust were used in one day; some- 
times as much was used in one shift, because at such times the ratio was 
wo shifts timbering to.one shift loading. Without adequate supplies of 
rock dust, it would have PeeR a to carry on the work, 


Ordinarily, carbon nonexide wag not encountered. in any harmful con- 
centration, but sulfur dioxide was given off in irritating quantities when 
very hot material was handled, To clear the smoke and gases and to reduce . 
excessive heat, especially when timbering, two auxiliary fans with tubing . 
vere installed. One fan was operated blowing and one exhausting » and 
this auxiliary ventilation was quite helpful. , 


Very little indication of the large volume of inert gas that had been 
added was found in the sealed area after unsealing and during subsequent 
recovery work, but carbon morioxide was detected at adjacent abandoned 
shafts. When the 17 south and the 18 north seals were uncovered, it was 


found that they were badly damaged, which accounted Por the escape of the 
added canoe dioxide from the fire area, 


Same jaca of the magni tuds aa direct cbbt of” the job of pestering. 
the mine can be gained from considering tht number of men’ and officials 
employed far 3 months and the material ubed. ‘An average of 30 men was 
employed on each of the three shifts per" day’, 7 days" per week. oe 


Following is 3 & . partial list of the material used: 


56,276 fifty-pound sacks, or 1 (hO7 tons, of rock dust, 
147 steel rail bars, 100- to 120-pound; lengths to 24 feet. 
179 wooden bers (flat), 16 feet long, 5 x 6 inches minimm 
cross séction, 
1,306 wooden bars (flat), 12 feet long, 5 x 6 inches minimum 
cross section, | 
1,606 wooden bars (flat), 10 feet long, 5 x 6 inches minimum 
cross section. 
467 round props, 14 feet long, 6 inches minimum diameter. 
6,629 round props, 8 feet long, 4 inches minimm diameter. 
1h. ,L55 round props, 6 feet long, 4 inches minimum diameter. 
97 planks, 2 x 6 inches x 16 feet. 
855 planks, 2 x 8 inches x 16 feet. 


The seal necesser'y to reseal the 17 south entry and the angle entry 
was 32 feet wide at the base and 46 feet, 5 inches high at the highest 
point; it was built of solid concrete blocks, 8 x 8 x 16 inches, 5 blocks 
thick, and approximately 5,000 blocks were required. 
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A. total of 7,258 cars averaging 2-1/2 tons of rock per: car were 
hoisted, and many additional tons of material, which was not hot, were 
"copped. = "Obviously, many other. items of cost, direct and indirect, 
are not listed. 


_ RWSSTIGATION OF CAUSE OF FIRE 


Au of ‘the avmies: scncariing the collision and the eawuttiia ahort 
circuit are known, and the investigation of the cause resolves into | a 
summary and as hoes of direct and indirect factors. 

The solideton occurred pacaiee: there was no definite aysiu of 
checking the tripe at the passing track. When the wrecked cars became 
entangled inthe power wires, which caused the short circuit, the cir- 
cuit breakers did not owt out all the generators fran the line, The — 
cirouit breakers ‘on some of. the generators did not open, because they - 
were too far from the short oircuit, and the respective currents drawn 
through them did not exceed the settings of the. over-current tripping 
devices, Table 3 shows the oe involved. 


TABLE 3. ~ Distances from the mete to the reatoetiae ciroutt oe ; 


Substation 


breaker 
Main cast at 13 southscccscencccese |. Open 
37 BOUtDgeceeescess cucees o sauewe or _ Open 
13 MON Up vciee oaie'eseeaess ste veweses Closed | 
| 25 TOUCH 5's 66:66 b's ooo. Sos 6.05 wes bee wes. Closed 
SUPER Deine cneaiesSsetssseeisni sense | Closed 


The breaker on the 37 aout generator opened, even though it was 

slightly farther from the fault than the 13 north substation, because the 

37 south motor-generator set was continuously carrying a near-capacity face 
load, and a amall additional current. was enough to open. its breaker, The 
breaker at the 25 north substation did not open, even after the other sots 
were off the line... Assuming that line resistance por foot was approximately 
the same in all parts of the system because of a similar arrangement of con- 
ductors, indicationa are that distance from the point of short circuit was 
the principal factor determining whother e particular circuit breaker opened 
or remained closed, Lack of sectionalization of the electrical distribution 
are was the cause of Lceienias the baamabe circuit and starting the fire. 


CONCLUSIONS ” 
1. An old saying is worth repeating, - it is easier to prevent a fire 
than to extinguish it. As a great many fires in present-day highly mecha- 


nized mines are of electric origin, a very small pert of the cost of fight- 


ing a serious fire would. provide adequate provactive equipment to Brevent 
One . ae 
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2, Carbon dioxide introduced into a sealed area can extinguish a 
fire quickly, provided that the carbon dioxide can be retained in the area, 
This was proved in another recent mine fire in Illinois.4/ In the present 


instance the use of carbon dioxide was not completely successful because 
gas was not retained in the sealed area, but leaked through seals into 
abandoned areas. It is thought, however, that the carbon dioxide cooled 
the area sufficiently to permit its prompt re-opening without immediate 
rekindling of the fire. Falls in the sealed area were high and compact 
at many points, and it is doubtful whether the carbon dioxide gas pene- 
trated this caved material; however, if the gas had been retained, the 
cooling effect would have been increased greatly, This was attested by 
the lack of fire and heat near the west seals, where it is kmown, fram the 
samples of the atmosphere, that the concentrations of carbon dioxide re- 
mained high for at least several days. 


3- The use of water would have been inadvisable because of its effect 
upon the roof and rib and because of the possible generation of dangerous 
quantities of hydrogen and carbon monoxide fram water in contact with 
highly heated material, The fire could not have been loaded out without 
the use of rock dust to smother the heated material in the wooden mino 
cars and to bank the heated material before loading, 


4, An extremely hot fire can be loaded out by using a loading machine 
and applying rock dust. In the absence of explosive gas, the quantity of 


burning material is unimportant, the principal time-consuming factor being 
the amount of retimbering required, 


5. The remedy for nearly all electrical fires is protection against 
overcurrent and overheating, It is not possible to anticipate every con- 
dition that may arise, High-resistance short circuits and other line 
faults involving high resistance, which may not cause the circuit breakers 
to open, can exist, Nevertheless, with proper planning it is possible to 
sectionalize the distribution system and to provide overcurrent protection 
that will protect against the faults most likely to occur, 


6, Although many potential sources of electrical fires other than 
trolley-haulage mishaps exist in mines, any measures that will minimize 
the chances of derailments are worthy of consideration, 


Te Two separate openings accessible to all active sections should be 
a minimum requirement for every mine. In maintaining two escapeways from 
each working section, it is advisable that access to the surface be avail- 
able at all times without requiring the changing of doors or other venti- 
lating appliances and without rigging any special apparatus, The desira- 
bility of one or more additional openings near active sections in extensive 


mines is attested by the escape of 163 men through a new air shaft to No, 
59 mine. 


8, It also is advisable that plans for procedure in event of any 
emergency be established before emergencies arise, and that every mine 
official, and preferably every employee, be thoroughly familiar with the 
part of such procedure that affects him and his working environment. 


, See footnote 2/. ) 
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